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BACKGROUND
NMR is an important technique for non-destructively
characterising cement materials. NMR relaxation rate
response is dominated by the interactions of water with
paramagnetic ions. This research aims to inform a
simplified theoretical model in order to interpret the
experimental data. The results of molecular dynamics (MD)
simulations are presented to describe the nano-scale
dynamics of the paramagnetic impurities and the
water. The model will contribute to the interpretation of
NMR results from cement-like material such as cement
paste, plasters and mortar.
METHOD
MD simulation is a method for modelling atomistic
dynamics. Two objectives of the MD simulations in this
project:-
• To test the physics of a theoretical model
• To provide guidance for model parametrisation
The simulations are executed using SPC/E model in a cubic
box of side length 100 Å for 100 ps. The simulation cell
contains 27000 water molecules, 216 sodium and 216
chloride ions. Atomistic displacements and the angle 𝛽 are
computed as shown in Figure 1.
Figure 1: At t=0, a water molecule is connected to the ion by a
vector r at their original location. (b) After time t, both water
molecule and ion travelled to a new location, linked by vector r.
(c) The angle between two vectors is denoted as 𝛽.
RESULTS
Figure 2: A tentative dynamical model is illustrated by the
inner-sphere (is) at distance a and the outer-sphere (os) at
distance r > d . The first hydration peak indicated by distance
𝑎 ≈ 2.5 Å with restrictive mobility and uniform density of
hydrogen.
Figure 3: The probability density function shows the data
fitting for 𝛽 obtained from MD simulations and the model. The
parametrisation is made using the data set at 5 ps.
Table 1: List of parameters for the elucidation of the dipolar
correlation function to describe the NMR relaxation rate.
CONCLUSIONS AND OUTLOOK
The results proved that the key physics behind the theoretical model are well captured to describe the nano-scale
dynamics of the paramagnetic impurities and the water. In future, the model will predict the frequency dependent spin-
lattice relaxation time T1(f) for a range of aqueous paramagnetic ions to provide fits to experimental data.
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